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<i 6 > ^e^lrr 4271 ^ i£B 4^71 7} Aj-g-siji iiq-. ^>#tr «1 *1 t>i 4^71^1 # 

S^rfe ^JE.^H. 7>^l7> 5q<>| "1" SEfe "-1"^ 7>^cf. ©1 &| ^j- ^- 

— 42ef^l it ^ °H ^-§-^H iHB 42 "J-^HH^ ± = B 4271 7> ^ °J ^ 

«loV = ^ #^trtf. ^, "1" "-1" o] c}^ "0.8", "-0.8" -§-31 o^^n 

^ 7>^H ^ ^=^o] "1" "-l»ol ^ ^-#01 ^HE 42;7l^- 

°1 &i tr ^ = ^JE.^1 S^^-g- q-EHfl^r HH^-fr ^^^r 31 °1 3 ^JEL^ ^1-^ #^^ZL, 

e-U± 4JL71 sf ^ iHl 4^7Hl^i dHEi ^jel<>1 ^t-shg- ^^^> ciHEi 
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Size", IEEE Transactions on Magnetics, vol.38, no. 1, January pp 298-302°l Slty. 
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LLR( d i^—Log———— — — — — 

<33> zieW, 7fl4M «fl^ APP Tfl^l ^ TflAKfr <5>*] ^Jl s|tfl^ 

LLR-g- 3)^}^- «J-^ol o^cf. ^, 3<*)H *fl*V <3<4 cflAi APP(d k =l)-APP(d k =0) 
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3 3M: LLR(d k )» o]si]. £o| 5)tfl& Tfl^ofl ^t.V iHB 4^(150)^ ^ 

*H3<?1 ^°1 £ 2°fl J^^H ojt}. 
<34> ^-71 iEB 4^(150)^ ^iEL^ ^1^1^(151)34, ^^(152)^-, ^cfl^jt ^#-^-(153) 

5+, LLR ^1^(154)# 5L^-t!r^-. 
<35> c^s^ Eflol^-(i5i)^- J£ 36\] s_X\Q v}Q ^-cf. 

<36> ^^(152)^ £ 4<H1 5L^1€ « 0 V»H1 t\3_r% Eflol^-(151)S.-«E^| Eflo]^- 

<aHel# °l-g-^H Tjl^V-i: *>cf. 5iJ=4lJi(4l0)^ ^ c-floiE^sq- tfloi^- °HH£|(420)£) 

A *1B# ^-§-^1^, tfl-§-s]fe oflBBl^l a]B7> 0^1^ ^1£ ^^Is^l -M- ^}JL, 

^-g-s]^- Eflol^- oflBel^l *1H7> lo]^ +i# 5.= W 31 ^> ^^(430)1- #3 

<37> oj]# #0^ > £ 4<^l^i ^m^Ei <t^I€ S-E.^1J1(410)7> rO.rl, . . .rl7 <>1 Jl, cl^ 31 

oll-(l51)^E^ o|e^ 7 ^ "000 101... 100" ^1 ^-f , Efl o] ^- <yiHHlSl 4*1*1), 6*1*11, 

9*1*1), 11*1*11, 14*1*11, 16*1*1) tilH7|- lojji, uf^xl tilHl-^ 3-if- 0°lcf . ZL^SS, ^ 
^ SJEL^Jl. r3> r5i rg) r 10( ri3> ri5 ofl^ ^ +M- §s>ji t zz. <q irUEL^Jrofl cfl 

*tH^r -1# £ 4<H1 HA]^ H>sq. 7ll^aif(430)7> <3*>^-*r 

<38> ^cfl^ ^#-¥-(153)^ "S^JfC 152)5.^-^-1^ oflHel^l ^^^1 ^1^4* <r4l 

<39> LLR 3l^(154)^r ^ Qo] ^tfl^ ^#-*f( 153)51^ 0<^1 tfl$ 3 tfl 
<^ LLR* ^1^6->ji oje^ LLR 3Jt# 
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<40> Ll M 

E^*2(c> m -1)] 

<4i> ^tV, LLR(d k+ i)^r ^^4^1 LLR(dk)°fl A i k tfl^l k+l-g- tfl^}^ €4. ^, 

<42> £0, £i, 

r^^rl_Al /-i ^^(^*+i) = max ./es ) (*+i)[ ^ , ^* 2 ( c >/* 1 )]*- max 7e5 Q (AH-i)[ 

2^*2(^-1)] 

<43> <^7H, S 0 (k+l)^r £ 3°fl a>sq- c]^ 3H#<>] ^H^l:^ Si 

(k+l)£ #5**1 ^ £ 3^1 w>s»f -f}-A}^ ^57^ Eflol^-o) ofle^s-o] ^^-olcf. 

< 44 > E io)i w>sf ^ Eflol^-^- t^S)-^, ^ SEfe 17(4 Elicit- 

<?5H5H1 wlS<Hl ^rtt ^ Sfe "f ^ *r)*5000(3M-ir <?UB&1^ *r) = 85000 «H ^ 

<45> Hj-Sf ^-o] , f^o)]^- i^E 42:71 ol] A]~g-£|^ APP ^3.^ ^o]^o) a}-o]^7}- 

7^x1^ LLR-i: Tfl^Rrdl 7fl^> >M*H ^M"^, ^3*3 ^#5L7} 3.7]) ^7>*}fe & 
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<48> #71$}- ^ n^\7] ^tb B ^ °fl 

a) *HH3.^ ^A1^ $|H» i^^^l «1H ^n>cf 7fl4t*Hr #31^, b) 

^ <aBem TflAM #7l 4 oflHell- #7) 4^4^ «1B 
#?1 £-^3 *1B tfl-8-*Hr #71 ^--g-^ #3=sM ^Bej^rl:^ 31 #^ 

#31 £f, c) #71 3}BEl &»^-Ei s)tfl3Mr ^#s>jl LLR 3l#*l-fe #7fl» i^Vfe- 3 

<49> *\7}*\, wf^^Tim, #71 a) #3lfe, t\3.T% <ffl!=ilH>H i^^Sl tilB^ 

P>T^ M-Ef^- ^ tilH 2:^15. ol^-ol^l 7l§ ^BEl* #3=«H #71 ^JL-^Ei 

3= WlB ^^g- 3l#W. 

<50> 5£th WV^^Tjl^, #7l b) #7fe, bl) ^)ol^-^ 4 oflHE]# #71 

*1B -g-^Rr #7ll<2}-, b2) #71 «lB tfl-§-*Hr 

# 7}-^^ JjL-g-^S- Cl*Hr ^Tjll- i^-tbcf. 

<51> «>^*>7Hfe, #71 b) #31^, Cl^^ 3M1-01 oflBe)^ 7jl#Al, #71 cfl-g-^Hr 

<52> M^o] Cfs i£E ^ #^ofl olo^ , ^^S^-El =^#£ SJEL $]J=# i 

HlH ^^n>cf Jf^-g- 7jl#^>^ 7H#^-4 ; 2]" <3BEl& 3l# 

*1 #71 ^ SUBS]* #71 i^^Sl y l B #71 -g-^ i^^^l «1B #$H1 

tfl"g-*Hr ^"71 ^^-^ <aBBl^€-* 7fl<*V*H=- 93BE1 Tfl^HMh oflBsl 

S^-Ei 2|cfl^ 3#t5Rr #71 3#£ s|tfl^-ir °l-g-*H LLR ^ 7jl#S} 

tz- LLR 7fl#^-^- S^t^. 
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<53> o^l, ^€ £^-1: ^-§- ^^W. 

<54> .£ 5^r ^ofl 4€- ^fil ^MUH* 

<55> u\*\ t ^^S.«-Bl 3£ ^J^4. 

<56> Cf-g-, 7l§ ^B^* ^71 31= ^Ji^ cfl^V -^^--g- T^W". 

<57> 71 § ^HeleHir ^ 3H1-^ Zj- ^H^l 7fl^Sl «lB 

5- °1^-<HU ^ SU^r 7>xl M-Bl-vfl^ oflBem o|H^ 

£ 3^1 2.Al^ w>sf ^ ^Bfl ^, zl- oflHel^ 187fl2l tilHS. °)^-<H*lfe ^Efll- 7V^l^nV, 

Zj- <^H5]7> 2 18 7flSl «1H S^-* 7}*}^ ^Jl, 187fl2l HlH^cr 3*1 B ^ 3. 2:7fl *H , 

zl" 3a]B ^ <?3!HBl^ "000", "001", "010", "100", "101" 21 57}z\4\ SSt^r-gr 7}^ ^ &t}. 

°l*HHfe "ooo", "oor, "010", "100", "lor •§■ 7i§ ^3.^^ Jf-^.?} s. $±t\.. 

<58> nf^-, ^a]^ a£Ali§ 3 H1B #3} 5. ^-71 71 § «aBB]« *H Jf§ 

t^W. ofl# 1-^, ^-g- 3wlH r 0 ,ri,r 2 °fl <M A i #7l 7l§ °flHel "000", "001", 
"010", "100", "lOl"* ^-i- "000"°fl tfltb -r 0 -ri-r 2 "001"^1 tfl^- Jf 

■S-^- -r 0 -r i+r 2 , "010"°fl tfl^ -r 0 +ri-r 2 , "100"^1 cfl^V -f-^ +r 0 -ri-r 2 , "101"^ tfl 

$ +r 0 ~ri+r 2 57fl7> Tfl^i^. ZL^JL, cf-g- 3«lH r 3 ,r 4 ,r 5 ofl tfl*lW -r 3 -r 

4 -r 5 , -r 3 -r 4 +r 5 , -r 3 +r 4 -r 5 , +r 3 -r 4 -r 5 , +r 3 -r 4 +r 5 57fl7> 7\)<&&t±. o]z]i& * 0 V^o_5. 
18^1 H oil tfl*lH zl- 3*1 H 571121 -^-gr^M" ^1^^. 

<59> cj.°. f V]=L^ Bflol^-ol cflHSll- %S^H ^"71 711^ *L g.^- 0. S zj- oflE^ 

* 7)1^ ^, ^1^^ Eflol^-ol oflBBl7> 000 101 001 010 010 100 oUS, ^-71 <aH5l2l 3 
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7)1^4. 4*1 iH*^, <#7] ^3.*% ^-g- 3HlB7> 000 ^2.5. 3fl<M ^ 

tJ" -r 0 -ri-r 2 # 7}7^Jl, cf-g- 3«lH <fflH^7> 101°lS.3. Tfl^ +r 3 -r 4 +r 5 » 7>;*}£_ 

-31,... °l 5 d ^-2.3. 18wlH^l tfl*lH 3«]H^ 7fl<M 67fl# 7}^ 4*1 S.-f- ci*>^ °fl 

HH]^o] s)^ 3°14. oleitt 50007fl^ <ass1^* 711^4. 

<60> Tfl^ <^BBl ^#^4. 

<6i> zie] Jiq-^ , LLRiir-i- 7^1 *}v}JL #^4. 

<62> ^ Hj-i^ofl <^]» , ^5L^ Eflolfi 50007)1 «^S.el7> ^JL, -^-g-^- 

Eflol^ 67 fl ^*Rr 5(^-^ Eflol^-o] oflTH^ 7fl^)*6(^-^-^ Bflol^-o) -)* 2 (Z| 

<?!lHiM44 ^S^Tf 7fl^)+5000(^^^ Eflol^-oj oj Hi q ^)*5(*>4^ ^HSl^ 7\}*Y 

X\ cjaflajo) ^ ^ o^aV 25060*1 ^4. 

<63> £ 5 ofl afll^Aloflofl ccfs i^e ^o] ^ ofl 7 > £ 6°ll JEAl & 

4. 

<64> Aj. 7 i 42 ^-^1(600)^- 7l§ 9flHs](610)4, 711^(620)4, 

#(630)4, ^Hsl 711^(640)4, ^#^-(650)4, LLR 7)1^(660)4, 

(670)^- 5L^-t!-4. 

<65> 7l^ ^1^^(610)^ £ 7^1 -£^1€ 44 ^ <?flHel» 7>^14. ^, 7l§ <d!H&)^ 5711 

Si & "000"(611), "001"(612), "010"(613), "100"(614), "101"(615) ^nfl-fr 7>^14. 

<66> -^-g-^ 711^(620)^7 7l§ <?fl Bel (610)3.^1 ^s] °fiBe)^ 

€ ^ = ^1^1- 3«lB^ 3*1 B 711^4. ^, ^H^S-^Bi 

S = ^1^7> r 0 , ri, r 2 °l31 ^*J€ 7^ ^H^7> "OOO-o)^, Jf£-^- °flB&! -r 0 - r x - r 2 # 
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Tjl^JL. cf-g- 7l§ <SB2l "OOl'^l « -r 0 +ri+ r 2 * Tfl^Kll, 4* 7l 

§ <?jlBel "010"<H1 tfleflAi JjL^ ojHe] -r 0 + ri - r 2 » ^l^JL, cf-g- 7^ ^£5] »i00" 

*fl*IH JjL*-^- ^ee] +ro _ ri - r 2 » 7fl<^KlL, ^ 7l§ oflBS) "101"<H1 tfl*fl*1 Jf-g^ 
<SlHel +r 0 - ri + r 2 # 

< 67 > 31^(620)7)- ojsf Tfl-tV-i- r 0 , r 1( r 2 ri 5 , r 16 , r 17 

*1 <^1* t<H, £ 8^1 S.*}& ^ Eflo] ^.( 8 00)o] 3H3£cK 

<68> Eflol^-(800)^r 87fl^ ^-g-^- Efl ol^-(810, 820, 830, 840, 850 ,860)* S. , 

<69> ojjBe) 7^1^(640)^ t)m*3 *]}°)^(670)2] Eflo)^- oflHeJsM- ^^V^^l, 31 
°l-ir(630)<f| 741^ Jf£^-t- ol-g-^o) «amel^ T^l^cf. ^, t)^ Efl o] M.( 670 ) 

^ ^ <aHBl7> "000 101 001 010 010 lOO"^, 3 wlH^A 1 ^"S^H zl 3W1H <fflH^<^l 

*fl#*Rr &* Efl^#(630)oflAi ^^^j7 ^Ajj^ ^ 7 >7^^ ^a>^. ^sg^. 

«1H "OOO'^l -^-^ -r 0 - ri - r 2 (811)-g- -?--g-^ 3H-i-(810HH #ZL, ^ 3WIH " 

101"ofl tfl^ +r 3 - r 4 + r 5 (825)* -^-g-^ Efl o]^.(820)<*IH %JL, ty$o.g. # 

71 % <?31B^^ 3*1 H oj-cfBl Eflol*oi]x^ ^-o.^ cf*4 ^o) ^ 
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'fflS.C^ 




000 


- 1*0 - rx - r 2 


101 


+ r 3 - r 4 + r 5 


001 


+ r 6 - r 6 + r 8 


010 


+ 1*9 - rio + r u 


^ 010 


+ r 12 ~ r 13 + r 14 


100 


+ r 15 " r 16 + r 17 



<72> ZL^Jl, >&7l ^o>^[ Eflo]^- 2-^- C^}^ ^ »]*fl <aH5H Cfltt oflE 

Ai S.^ ^*}<S 5000 7flSl <^^r ^ 

<73> ^tfl# ^#^-(650)^ #71 <?jlB&) 7ll#-!f(640Hl Sl«fl ^B^^lrS^Ei ^cfl^ 

<74> LLR 74l#^-(660)^ #71 3tfl# ^#^-(650)5.-^- El ^tfl&o_3.^Ei LLR-i- 7^1#*> 

<75> £ 9^ .£ 6^1 £.7^ -Jf^ Eflol^-o] r^s. ^ ^a^t}. 

<76> £ 9^1 JjL£.^ Eflo]M.(900)-£- £ 8°fl 67fl^ Eflol^-^- 4 <= 7 fl^j 

^ ^ Eflo]^ *>s. ^olcf. Eflo] ^-(810)4 Eflol^-(820)^ ^B&ll- 

M-^ ^l°ll-(910)-a: ^JL, Efl ol^-(830)^ tfl ol^.( 840 )Sl ^B^l- SH+sl Efloj^ 

(920)* ^r-i-Ji, Efl oi^.( 8 5o)2l- Efloi^.( 8 60)^ ^Bem 3£^-*M s>i4<^ El)ol#(930)* ^ 
cf. olsf ^-ol f;}a\ z\- Eflol^- (910), (920), (930)£: 57fl^] ^Be}^ 57flo) ojlB^^l 

S^-oJ 257flo] ofEgjf 7>^lcf. 
<77> o}Z^ o] ^ T^^, 
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